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We introduce Higgs democracy in the Yukawa sector by constructing a model with a private
Higgs and a dark scalar for each fermion thus addressing the large hierarchy among fermion masses.
The model has interesting implications for the LHC, while the Standard Model phenomenology
is recovered at low energies. We discuss some phenomenological implications such as FCNC, new
Higgses at the TeV scale and dark matter candidates.
I. INTRODUCTION
Quark and lepton masses vary enormously. In the Standard Model (SM) of particle physics with a single Higgs, there
is an enormous hierarchy among the Yukawa couplings yq: for instance in the quark sector we have
mt
mu
= ytyu ∼ 105.
Except for the top quark, mt ∼ 170 GeV, fermion masses are way below the Electroweak Symmetry Breaking (EWSB)
scale vh ∼ 246 GeV [1]. We propose a simple way to address this Yukawa hierarchy in a democratic way, by introducing
one Higgs per fermion, which we call a private Higgs (PH). In addition we also introduce a real scalar per fermion,
the “darkons”, blind to the SM quantum numbers. Here we introduce one particular realization of this general idea.
It should be simple to construct variants of our specific model. The phenomenological implications are rich, given
the plethora of new Higgses. The SM predictions are however recovered plus corrections due to an extended scalar
sector. Many of our model’s predictions are testable at the Large Hadron Collider (LHC). Furthermore, a dark sector
provides missing energy channels and dark matter candidates. As in multi-Higgs model the issue of Flavor Changing
Neutral Currents (FCNC) appears. We discuss possible solutions and constraints.
In this paper we will not deal with the celebrated “Hierarchy” puzzle in the scalar sector, namely why the electroweak
scale is much smaller than the Planck scale. However, the strong indications that we live in a accelerating universe
with an equally tuned cosmological constant may suggest that we are not looking at this issue in the proper way (it
has been remarked, for instance, that the ratio between the cosmological constant and the electroweak scale is roughly
of the same order of magnitude as that between the electroweak scale and the Planck scale). We will not adopt here
the small ratio between the electroweak and Planck scale as a guidance1, but instead allow for significant extensions
of the scalar sector (which has perhaps not been explored in depth so far) in order to address the other remaining
puzzle in the SM, namely the observed hierarchy between fermion masses.
II. THE PRIVATE HIGGS MODEL
In this paper we focus on quarks, leptons are considered in [2]. Our model has the same content as the SM but
without the standard Higgs. Instead we introduce a PH field for each quark (and eventually for each fermion), φq
for q = u, d, s, c, t, b, transforming the same way under SU(2) × U(1) as the SM Higgs. As a variant of the model
presented here, we could also include another Higgs for the gauge bosons W,Z. However, as we shall see, this would
not be necessary and we could make do with the Higgs for the top quark. To avoid cross talk between different quarks
we introduce, similar to the Glashow-Weinberg model [3], a set of six separate discrete symmetries Kq under each of
which a set of SU(2)× U(1) real scalar fields Sq also participates:
Dqˆ → −Dqˆ, φqˆ → −φqˆ, Sqˆ → −Sqˆ, (1)
for qˆ = (d, s, b), and
Uq˜ → −Uq˜, φq˜ → −φq˜, Sq˜ → −Sq˜, (2)
1 We cannot discard the possibility that it may be that whatever “solves” the Hierarchy problem and stabilizes the Higgs mass could also
apply to the PH model.
2for q˜ = (u, c, t). Here U and D denote right handed quark fields. Evidently, Sqφq is invariant under all the
Kq’s. As we shall see these discrete symmetries are not enough to prevent tree level FCNC. We will discuss the
phenomenological implications later on.
Our model is specified by the Lagrangian (here LSM corresponds to the SM Lagrangian with the standard Higgs
H set to 0)
L = LSM +
∑
q
∂µSq∂
µSq − 1
2
M2SqS
2
q −
λqs
4
S4q +
(
(Dµφq)
†Dµφq − 1
2
M2φqφ
†
qφq − λq(φ†qφq)2 + gsqS2qφ†qφq
)
+
∑
q 6=q′
(
asqq′S
2
qS
2
q′ + γqq′SqSq′φ
†
qφq′ + χqq′S
2
q′φ
†
qφq + aqq′φ
†
qφq′φ
†
qφq′ + bqq′φ
†
qφqφ
†
q′φq′ + cqq′φ
†
qφq′φ
†
q′φq
)
−
∑
qˆp
Y pqˆD Q¯
pφqˆDqˆ −
∑
q˜p
Y pq˜U Q¯
pφ˜q˜Uq˜ + h.c. (3)
where φ˜q = iσ2φq. Also p = (1, 2, 3) is a family index, qˆ = (d, s, b), q˜ = (u, c, t), and Y
PH
D , Y
PH
U are Yukawa matrices.
We could of course study this model systematically by a numerical approach, but it might be clearer to analyze the
rather complicated Higgs and scalar sector by successive approximation. Thus, we will explore some, but not all, of
this model’s parameter space, and provide a rough estimate of the model’s virtues and phenomenological consequences.
In principle there could be many regions of parameter space experimentally allowed in our model.
To unclutter our analysis we will take the parameters aqq′ , bqq′ , cqq′ to be negative and small and ignore them in
what follows. We will drag along the term proportional to asqq′ although we will subsequently assume it to be small.
We take M2φq > 0 and induce EWSB through the gst, χqt, γtq couplings and the vacuum expectation value (vev) of
the darkon fields Sq. We start with the PH for the top quark that we will identify with the SM Higgs. Taking
1
2M
2
φt
− gst〈St〉2 −
∑
q 6=t χqt〈Sq〉2 < 0, we force φt to develop a standard ‘negative mass squared’ instability. The
SU(2)×U(1) is thus spontaneously broken and the gauge bosons acquire mass. To give the Sq fields a vev we introduce
an instability M2Sq < 0 such that the relevant pieces in the potential for Sq, φt become (notice that in principle v
q
s is
a “bare” parameter)
∑
q
{
λqs
4
(
S2q −
(vqs )
2
2
)2
+
[
1
2
M2φt − (gstδqt + (1 − δqt)χtq)S2q
]
φ†tφt
}
+
∑
q 6=q′
asqq′S
2
qS
2
q′ + λt(φ
†
tφt)
2. (4)
We get, after minimization,
0 = λt〈φ0t 〉2 −
∑
q
1
2
(gstδqt + (1− δqt)χtq) 〈Sq〉2, (5)
0 = λqs
(
〈Sq〉2 − (v
q
s)
2
2
)
− 2 (gstδqt + (1 − δqt)χtq) 〈φ0t 〉2 + 2
∑
q′ 6=q
aqq′ 〈Sq′〉2, (6)
where we assumed M2φt ≪ gst〈St〉2.
For simplicity and illustrative purposes, we consider gst ∼ χqt, aqq′ ≪ 1, λqsλt ≫ max(g2st, χ2qt). Also, we assume
that 〈Sq〉 ∼ 〈St〉 for all q’s, vqs ∼ vts. We could have equally introduce a hierarchy between the vevs of the Sq fields.
As we shall see that also has important advantages. However, here we will assume the vevs are roughly equal and
therefore we have
〈φ0t 〉2 ∼
3
λt
gst〈St〉2 ∼ v
2
h
2
(7)
〈Sq〉2 ∼ (v
q
s)
2
2
∼ (v
t
s)
2
2
, (8)
If, as suggested earlier, we identify φt with the SM field H , and φ
0
t with the Higgs particle h, we take vh ∼ 246
GeV. In this paper we will keep only leading order terms in gst, so that vh ∼ (3gstλt )1/2vts. It does not require a large
3hierarchy to enforce this condition. For instance, the mass of the “SM Higgs” (mh) to leading order in gst, is given
by m2h = 2λtv
2
h ∼ 6gst(vts)2. Therefore, if vh ∼ 246 GeV and we take mh ∼
[
vh
2 , vh
]
, then we have λt ∼
[
1
8 ,
1
2
]
.
Therefore we take gst ∼ λt3 , and λs ∼ 1. Notice that the latter is within the perturbative regime, which starts to
break down around λs ∼ 4π. Under these assumptions 3g
2
st
λsλt
∼ gstλs ∼ [ 124 , 16 ] and our approximations are roughly at
the 10 percent level depending on the value for mh. Note we also have v
t
s ∼ vh. All these values could be changed of
course depending on the choice of parameters and the experimental outcomes.
Here we have written the vevs as real quantities for simplicity. With this many scalar fields around, we have plenty
of opportunity to allow for CP violation beyond phases in the CKM matrix. We could easily allow for relative phases
in the vevs.
We next look at the term γqq′SqSq′φ
†
qφq′ in the Lagrangian. If we write Sq =
1√
2
(vqs+σq) and φ
0
t =
1√
2
(vh+h), after
the fields acquire their respective vacuum expectation values, this term will induce pieces which are linear in σq, h
and the real part of the field associated with φq , and quadratic mixing between them. Again, instead of diagonalizing
a large matrix we will content ourselves with successive approximations in order to see more clearly what is going on.
It will turn out that, in the region of parameter space we are looking at, most of these terms lead to small corrections.
The most important term is the term linear in φ0q to which we now turn.
We have a choice regarding how the φq 6=t fields acquire vevs. We could have the usual ‘negative mass squared’
instability, but since we already have a term linear in φ0q available, we opt to impose Mφq >
√
gsqv
q
s , for q 6= t. Thus,
while it would be interesting to explore this model in other regions of parameter space, in this paper we will drive the
spontaneous symmetry breaking of these other Higgs fields via the γqt couplings. When Sq and φ
0
t pick up vevs, the
pieces
1
2
M2φqφ
†
qφq −
γqt√
2
vtsv
q
svh
2
φ0q (9)
in the potential will generate a vev for the neutral component of each of our private non-top Higgses (q 6= t)
〈φ0q〉 = γqt
vh√
2
vtsv
q
s
2M2φq
∼ γqt vh√
2
(vts)
2
2M2φq
, (10)
where we used vqs ∼ vts.
The expression in (10) allows us to avoid unnaturally small Yukawa couplings and hence realize the motivating idea
behind the PH scheme. For each non-top quark we now have two parameters, γqt and M
2
φq
to play with. By having
γqt small and M
2
φq
large (note that this is consistent with the condition we imposed above) we could make 〈φ0q 6=t〉
small and hence all the Yukawa couplings to be of similar order. Notice that in general the similarity of the vevs in
the Sq sector can be relaxed, thus giving us even more freedom. For instance by considering v
q
s ≪ vts we could in
principle also generate small values of 〈φ0q 6=t〉. Conversely we may also go in the opposite direction and take vqs ≫ vts
which would imply heavier PHs.
III. INDUCED QUARK MASS RATIOS
To quantify the benefits of our PH scenario we can define
tanβq ≡ 〈φ
0
t 〉
〈φ0q〉
=
(
2M2φq
γqt(vts)
2
)
. (11)
The Yukawa couplings in the PH model can thus be compared with the SM values
yPHq 6=t = tanβq y
SM
q 6=t , y
PH
t = y
SM
t ∼ 1. (12)
Let τq ∼ mtmq , denote the desired value of tanβq =
yPHq
ySMq
, so that τq ≫ 1. Then we obtain
Mφq ∼
√
τq
ξsqt
vh ∼ √γqtτqvh, (13)
where we introduced ξsqt ≡ 3gstλtγqt , and in the last step we used vts ∼ vh.
4Our model has the interesting feature that the heavier the quark, the smaller τq and hence the lighter its
associated PH particle. Consider for example the up quark, for which mtmu ∼ 105. Taking ξsut ∼ 1 we obtain
Mφu ∼ 105/2vh ∼ 103TeV, most likely outside LHC range. In contrast, with mtmb ∼ 40, if ξsbt ∼ 1, the PH associated
with the b quark appears at a mass scale which naturally falls in the few TeV range.
There are important phenomenological consequences from all these interactions, for instance in the mass basis the
quarks will talk to each one of our PHs to a different degree. The main phenomenological applications will come from
the PH associated with the b quark. The other Higgses will be heavy enough to ‘decouple’ in the ‘low energy’ regime
we will explore at LHC. In what follows we will explore some basic phenomenological implications and constraints of
our model, in particular the appealing feature of providing a dark matter candidate. We will discuss these in more
detail in future work.
IV. PHENOMENOLOGY
A. Gauge Bosons
Let us begin with the gauge bosons. At tree level, the W boson acquires mass with
m2W =
1
2
g2ewv
2
h

1 +∑
q 6=t
(
1
τq
)2 , (14)
and similarly for the Z boson. Note that the parameter ρ = MWMZcosθW stays equal to unity since our PH have the
same quantum numbers under SU(2)× U(1) as the standard Higgs, and Sq are SU(2)× U(1) singlets.
B. Flavor Changing Neutral Currents
Multi-Higgs models have been considered previously in the literature [4]. In general they present the problem of
tree level FCNC. The existence of tree level FCNC would require new physics at a very large scale, putting strong
bounds on the parameters, or the mass scale of new physics, in any theory beyond the SM. With O(1) parameters we
would need a scale of new physics as large as 103 − 104 TeV [5].
Besides supersymmetry, a very popular way out of this problem is the two Higgs Doublet Model (2HDM)[6].
In a general framework, using the Glashow-Weinberg discrete symmetry (as in type II 2HDM) one can cou-
ple each quark of a given charge to one, and only one of the Higgs doublets and hence avoid tree level
FCNC [3]. Another recently explored possibility goes by the name of Minimal Flavor Violation (MFV)
[7, 8]. In a MFV scenario the physics beyond the SM is assumed to be invariant under the transformation
QL → VLQL, UR → VUUR, DR → VDDR, Y D → VLY DV †U , Y U → VLY UV †D where Y D and Y U are the Yukawa
matrices. The SM is formally invariant under these transformations. MFV implies that FCNC, as in the SM, are
naturally suppressed by small CKM mixing angles. A multi-Higgs theory with MFV has been recently studied in
[9, 10].
In this section we will explore the issue of FCNC in the PH model and the possible venues towards a natural solution
(without fine tuned parameters we wanted to avoid in the first place) in agreement with experiments. As we shall see,
we will also attempt to connect the smallness of the CKM mixing elements with the suppression of FCNC, although
it is clear that our model does not respect the MFV symmetry.
In our PH model the most general interaction between PHs and quarks takes the form (we suppressed the PH
label),
Lquarks = −
∑
qˆp
Y pqˆD Q¯
pφqˆDqˆ −
∑
q˜p
Y pq˜U Q¯
pφ˜q˜Uq˜ + h.c. (15)
In accordance with the philosophy behind our model, after each one of the PH gets a vev, we would like the left
handed mass eigenstates, with properly normalized kinetic pieces, to be approximately given by (d¯qˆL)ph ≡
∑
p Y
pqˆ
D d¯
p
L
and (u¯q˜L)ph ≡
∑
p Y
pq˜
U u¯
p
L. However, that would require the two Yukawa matrices, YD and YU , to be proportional
to two approximately unitary matrices. That is not necessarily the case in the the general expression in (15). In
5principle we would need to diagonalize the mass matrix, for instance for D-type quarks, MpqˆD = Y
pqˆ
D 〈φqˆ〉 (no sum on
qˆ). In the mass eigenstates basis the PHs will induce tree level FCNC, and furthermore it is not even guaranteed the
natural hierarchy of masses will be preserved.
There are two possible routes to avoid this problem. As we sketched above, either we rely on phenomenology, e.g.
experimental constraints, and some degree of fine tuning, or the existence of a symmetry. There is an exhaustive
history behind flavor symmetries [11] in general. However, flavor symmetries tend to be either too restrictive, as is
the case with continuous non-abelian groups, or too loose, as with abelian or ZN type groups. A more appealing
choice seems to be discrete non-abelian groups [12], which have attracted some attention in recent years due to the
discovery of neutrino masses [13]. Here we will adopt a more phenomenological approach, inspired by the possible
existence of an underlying flavor symmetry and the MFV spirit.
Recall that in the SM the CKM matrix elements are given by
VCKM = V
D
L (V
U
L )
†, (16)
where V UL and V
D
L are the unitary transformations to the left handed mass eigenstates basis. If our YU , YD matrices
were unitary, that would immediately allow us to avoid any cross talking and the dreaded FCNC, however, at the
same time that would lead to a completely general CKM structure, even more in the PH model where YD(U) ∼ O(1).
On the other hand, a natural way to obtain small CKM mixing angles is to consider V D ∼ V U , in other words,
the U-type and D-type quarks rotate in a similar fashion and the small mixing angles originate in some deviation
from this leading order picture, perhaps due to the different mass ratios. This line of thought suggests the idea that
CKM matrix elements and mass ratios may be connected. On the other hand, it is possible that mixing angles and
quark masses are manifestations of different phenomena. We believe the PH scenario provides an open playground
to study these issues. For instance, a possibility would be to construct a PH model with the q = 1 . . . 6 Higgses,
φq, transforming under certain representation of a flavor group GF such that the symmetry will force the Yukawa
interactions to avoid flavor cross talking. This symmetry is an approximate symmetry in the low energy effective
theory which would explain the smallness of the CKM mixing angles. Let the GF symmetry be broken at some scale
MF . The smallness of
MPH
MF
, with MPH the scale of the PH model, may account for the smallness of flavor violation
and the CKM elements. Based on these set of ideas we assume the existence of such GF symmetry which is broken
leaving as a remnant the discrete subgroup generated by the Kq’s, such that the Yukawa matrices in our theory could
be assumed to take the form
Y pq˜U = λUδ
pq˜ + ǫpq˜U , (17)
and similarly for D-type quarks. In these expressions λD(U) is an O(1) overall proportional constant and ||ǫpqD(U)|| ≪ 1.
Notice the interesting effect that the small breaking of the GF symmetry in the low energy theory would also guarantee
the smallness of the γqq′ couplings which generate the vevs of the PHs other than φt (although we could take the
scalar fields Sq also in some representation of GF such that the term proportional to γqq′ is a singlet under GF ; or
equivalently consider only the quarks charged under GF .). Note as well that in the SM the assumption in (17) would
imply totally degenerate quark masses. However, in the PH setting the mass ratio will be due to the different vevs of
the PHs, up to an overall constant. The mass matrix for U-type quarks becomes (no sum over q˜)
Mpq˜U = λUδ
pq˜〈φq˜〉+ ǫpq˜U 〈φq˜〉, (18)
and equivalently for D-type quarks. Within this framework we can naturally accommodate the quark mass hierarchy
dynamically into the vevs of the PHs. Schematically the mass matrix takes the approximated form
MU =


λU 〈φ0u〉 ∼ 0 ǫ vh√2
∼ 0 λU 〈φ0c〉 ǫ vh√2
∼ 0 ∼ 0 λU vh√2


with ||ǫpq˜|| ∼ ǫ ≪ 1, and we neglected terms proportional to ǫ〈φ0u(c)〉 (recall 〈φ0q〉 ∼ 〈φ0t 〉/τq), but we keep the
contribution from the top proportional to ǫvh. Nevertheless, the mass eigenvalues are consistently, and naturally,
given by the vevs of the PHs as we expect, and the transformation of the mass eigenstates will be approximately given
by a similar form as the Yukawa matrix
V
D(U)
L = Id + ǫ˜D(U), (19)
with ||ǫ˜D(U)|| ∼ ǫ ≪ 1 describing a small deviation generated by ǫD(U), and the CKM by the mismatch between
V UL and V
D
L , which will be naturally small for small values of ǫ˜D(U). A similar transformation applies for the right
6handed quarks. We intend to explore the internal hierarchy within the CKM matrix itself in a future work.
We now come to the FCNC constraints. Due to suppression effects for cross talking between different PHs, the
most stringent bounds will come from neutral B-B¯ and K-K¯ mixing. For the K-K¯ system the PHs involved are φ0d
and φ0s. For B mixing we have the a priori lighter PH φ
0
b which will dominate the amplitude. The new physics effect
would be thus naively suppressed only by Λ ∼ Mφ0
b
, which would imply Mφ0
b
∼ 103 TeV. However, from the above
discussion, there is an extra factor of ǫ2 in the amplitude. Notice that the experimental constraints translates into
ǫ˜bdD ∼ 0.05 for the PH model to accommodate the bounds. This value is within the order of magnitude we would
expect the elements in ǫ˜ijD to be at. Similar considerations apply for the Kaon system, for which the numerical bounds
are very stringent. But now we also have a heavier Higgs particle φ0s involved, perhaps of the order M
2
φs
∼ 40M2φb.
Keep in mind that is also possible to crank up the mass of the PHs by adjusting the vev for the Sq fields in (9).
C. Flavor Changing Charged Currents
After EWSB we will also have charged Higgses φ±q floating around, and therefore flavor changing charged currents
do appear. However, these are again suppressed by 1
M2
φq
. From experimental constraints [14, 15] one has
tanβq
Mφ+q
≤ 0.4− 0.5 GeV−1, (20)
and for the case of the b quark it givesMφ+
b
≥ 60 GeV, which is naturally obeyed in our model. Other experiments put
the lower bound around 300 GeV [16], which is also way below the scale of Mφ+
b
. Notice some of these bounds come
from leptonic decays, which are in addition suppressed in our model due to the small mixing between different PHs [2].
D. Unitarity
Another important constraint comes from unitarity bounds. Unitarity constraints for the Higgs particle have a long
story, see [1] for references. Basically, partial wave unitarity constraints the mass of the SM Higgs, which unitarizes
the theory for WW scattering. With A(WW → WW ) ∼ GFm2h, unitarity implies mh ≤ 1 TeV. In our theory, WW
scattering with h exchange will work out the same way. For the exchange of other PH we will have 1τ2q
suppression
from twice the coupling φqWW , and unitarity in WW scattering is clearly obeyed. WW scattering is not the only
possible channel where bounds could apply. In the case of 2HDMs it has been shown the mass of the partner Higgs is
severely constrained, again to be in the TeV scale, by different processes [17]. It is possible to show however that these
bounds do not apply to our model, since the PH masses (other than h) are not generated via EWSB. The bounds are
effectively constraints on the couplings in the potential, such as aqq′ , bqq′ , cqq′ , which can be always accommodated to
satisfy unitarity without major effects.
E. Mixing: Recovering the SM and LHC physics
Let us write φ0q 6=t = 〈φ0q 6=t〉 + Hq + iAq. As mentioned earlier, the γqq′ term induces linear and quadratic terms
between h,Hq and σq . Let us discuss first the linear terms. We have already exploited the term linear in φq in
(9). The term linear in h leads to a fractional shift in vh given by δvh/vh ∼ (γqt/τq)(vst /vh) (recall vsq ∼ vst ) which
with our choice of parameters is small. Similarly, the term linear in Sq leads to a small shift in v
q
s provided that
(γqt/τq)≪ λqs(vsqvst /v2h). The condition that the mixing between h and σq be small compared to the mixing we already
have ( see (22) below) gives γqt/τq ≪ gst which is readily satisfied for the parameter choices we have made. Similarly,
the condition that the mixing between σq and Hq be small gives vh/τq ≪ vqs , also readily satisfied.
The mixing between h and Hq, though small, leads to interesting phenomenological consequences because this
induces a coupling between the non-top quarks and h. In the Hq, h potential we have (for compactness we write
MHq ≡Mφ0q)
1
2
m2hh
2 +
1
2
M2HqH
2
q −
γtq
2
vst v
s
q
h√
2
Hq. (21)
7After diagonalization we thus get a qq¯h term with coefficient ∼ y
PH
q√
2τq
, which implies that effectively we can mimic the
SM interaction between h and all the quarks. Therefore, the PH model reproduces the SM as far as the traditional
Higgs is concerned, plus corrections due to the existence of the dark sector2. Before delving into the latter let us
explore some basic elements relevant for LHC physics, where we can concentrate in the t, b quarks since lighter ones
will have heavier PHs which will decouple at LHC energies. Let us focus on h,Hb. In the SM, the process bb¯ → h
is Yukawa suppressed. For hadron machines we also have suppression in the parton distribution functions (PDFs).
In our model, the most natural candidate to produce Hq is via gluon fusion. The contribution to the partonic cross
section follows the same steps as in the SM [1] with mh → MHb and yPHb ∼ O(1). To get the cross section we still
have to integrate with the PDFs. Unfortunately we will also face luminosity suppression since mHb ≫ mh. Similar
considerations apply for the CP-odd scalar Ab.
V. THE DARK SECTOR
A very attractive aspect of our theory is the existence of a dark sector. Having a scalar particle responsible for
dark matter was first proposed over twenty years in [18, 19] and later also in [20, 21, 22, 23]. In our model we have
many of them, σq, which we called “darkons” following [23], and could naturally be the candidates for dark matter.
We now have a blind set of scalars σq and new interactions. This fields σq couple to the Higgs sector in many ways.
The Lagrangian in the h, σq sector is given by
Lσqh =
(∑
q
1
2
∂µσq∂
µσq − 1
4
λqs(v
q
s)
2σ2q −
λqsv
q
s
4
σ3q −
λqs
16
σ4q
)
+
1
2
∂µh∂
µh− λtv2hh2 − λtvhh3 −
λt
4
h4
+
gst
4
[4vtsvhσth+
(
σ2t h
2 + 2vhσ
2
t h+ 2v
t
sσth
2
)
] +
∑
q 6=t
χqt
4
[4vqsvhσqh+
(
σ2qh
2 + 2vhσ
2
qh+ 2v
q
sσqh
2
)
]
+
1
2
∑
q′ 6=q
asqq′(v
q
s + σq)
2(vq
′
s + σq′)
2. (22)
The interaction between h and σq given by the last three terms has very interesting phenomenology. Notice that we
could indeed totally ignore the mixing term between h and σt (and similarly for other σq’s) if 8g
3
st ≪ (2gst − λts)2λt
which is amply satisfied for the illustrative values chosen above. The mass of the scalar bosons σq is then given by
m2σq ∼
λqs
2
(vqs)
2 → mσq ∼
vh√
2
∼ mt ∼ 170 GeV (λqs ∼ 1, asqq′ ≪ 1). (23)
Through its mixing with the PHs, the scalar sector couples to quarks. Therefore, in general, depending on mσq
we could have some amount of missing energy at the LHC. Notice that under our assumptions, mσq ∼ mt, and thus
σq cannot decay into hh since our current bounds on the Higgs mass set mh > 114 GeV [1]. That will give us a
semi-stable σq [24]. On the other hand, a stable dark matter candidate may be provided by the darkon partner of
the electron (see [2] for details). One important constraint is given by the Spergel-Steinhardt bound [25]. As shown
in [19] this bound may be difficult to implement in a perturbative framework (λs < 4π) with a single dark matter
scalar fields. But with the vast number of scalar particles and couplings here, we can readily accommodate existing
experimental constraints.
VI. CONCLUSIONS
Here we constructed a private Higgs model which is natural in the Yukawa sector. It seems to agree with EW
precision tests, at least in the region of parameter space we have looked at, and has some important phenomenology
to be explored at LHC, like heavier Higgses for light quarks and a dark sector. The latter provides a candidate for
dark matter. Also EWSB is driven by a discrete symmetry breaking. The most pressing issue is understanding the
mechanism to suppress FCNC in a natural way. We believe that the PH model allows us to settle the question of flavor
2 More mixing arises from the other couplings in the Lagrangian, as well as mass shifts, for instance from the aqq′ , bqq′ , cqq′ couplings,
although we ignored these since they are doubly suppressed.
8symmetries in a more natural fashion and could in principle elucidate a connection between the quark mass ratios
and the smallness of the CKM matrix elements. We have extended our model to include leptons in [2]. Most of the
φl fields will be out of LHC’s reach, except perhaps for the φτ . We will analyze these and other features in future work.
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